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(57) ABSTRACT

In a method for producing a semiconductor device having a
through electrode structure, a masking material is formed so
as to bridge over a through hole formed in a second semicon-
ductor substrate, and a hole is formed in the masking material
ataposition corresponding to the through hole. A contacthole
is formed in an insulating film via this hole. In such a method,
even if there is a large level difference from the surface of the
second semiconductor substrate to the bottom of the through
hole, only the masking material bridged over the through hole
is exposed by photolithography. Therefore, photolithography
for a large level difference is not necessary. As a result, the
hole can be formed in the masking material successfully, and
the contact hole can be formed successively by an anisotropic
dry etching via this hole, even in the case where etching for a
large level difference is performed.
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1
SEMICONDUCTOR DEVICE PRODUCING
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

The present disclosure is a U.S. national stage application
of PCT/JP2013/00518S5 filed on Sep. 3, 2013 and is based on
Japanese Patent Applications No. 2012-195191 filed on Sep.
5, 2012 and No. 2013-127545 filed on Jun. 18, 2013, the
disclosures of which are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a semiconductor device
producing method for forming a through electrode structure
in a semiconductor substrate.

BACKGROUND ART

Conventionally, a multi-layer structure made by bonding
two semiconductor substrates has been used for the purposes
ot'high functionalization of a semiconductor chip and protec-
tion of an element forming a sensor with a MEMS (micro
electro mechanical systems) structure from an external envi-
ronment. In a semiconductor device having such a structure,
a through electrode structure is used to make electric conduc-
tion between the substrates, and to lead out a potential of each
part formed inside of the bonded semiconductor substrates.
To form such a through electrode structure, for example, a
method indicated in a patent literature 1 is generally used.

As a method for forming the through electrode structure,
for example, a through hole is formed in one of the semicon-
ductor substrates and an insulating film is formed on a periph-
ery or the like of the through hole by a thermal oxidation
process, before the two semiconductor substrates are bonded
to each other. Thereafter, the semiconductor substrate in
which the through hole has been coated with the insulating
film is bonded to a support substrate, and then the through
hole is filled with a metal by a plating process. Further, the
semiconductor substrate is separated from the support sub-
strate, and then is bonded to the other of the semiconductor
substrates. In this way, the through hole is formed in one of the
semiconductor substrates, and is filled with the metal. There-
after, the one of the semiconductor substrates is bonded to the
other of the semiconductor substrates. As a result, the through
electrode structure is formed.

PRIOR ART LITERATURE
Patent Literature

Patent Literature 1: Japanese Patent No. 3751625 B2.

SUMMARY OF INVENTION

In a case where the through electrode structure is formed by
the method indicated by the patent literature 1, since the
support substrate is used, a production process is compli-
cated. Also, since various steps are performed before the
substrates are bonded, the surface of the substrate is roughed
or the substrate is deformed. As a result, a bonding quality is
affected. For example, the surface of the substrate is roughed
due to an influence caused by separation from the support
substrate, or the like. The deformation of the substrate is, for
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example, caused by a difference of coefficient of expansion
between the metal filled in the through hole or the inside and
the semiconductor substrate.

Therefore, in the semiconductor device with the multi-
layer structure, it is preferable to form the through electrode
after the two semiconductor substrates are bonded to each
other. Insuch a case, however, itis necessary to form a contact
hole in an insulating film located at a bottom of the through
hole from a front surface side of the substrate, and to pattern
a wiring pattern while protecting a metal film inside of the
through hole. That is, it is necessary to perform photolithog-
raphy and etching steps with a large level difference, which is
difficult to realize. Therefore, it is desired to properly realize
the large level difference photolithography and etching pro-
cess.

As an example of a case that requires the large level differ-
ence photolithography and etching process, the through elec-
trode structure of the multi-layer semiconductor device made
of the two bonded semiconductor substrates has been men-
tioned above. The large level difference photolithography and
etching process may be required also in other cases. That is,
the large level difference photolithography and etching pro-
cess is required in a case of etching a thin film disposed inside
of a recessed portion formed adjacent to a surface of a semi-
conductor substrate, at a predetermined position of the bot-
tom of the recessed portion. It is desired to successfully
realize the large level difference photolithography and etch-
ing process.

Considering the foregoing issues, it is a first object of the
present disclosure to provide a semiconductor device produc-
ing method, which is capable of successfully realizing a large
level difference photolithography and etching process to etch
apredetermined position at a bottom of arecessed portion that
is formed adjacent to a surface of a semiconductor substrate.
It is a second object of the present disclosure to provide a
semiconductor device producing method, which is capable of
forming a through electrode structure by successtully per-
forming a high level difference etching, while restricting an
occurrence of a rough surface or deformation of a substrate
before bonding substrates, and without requiring a support
substrate.

According to an aspect of the present disclosure, a semi-
conductor device producing method includes: preparing a
semiconductor substrate formed with a recessed portion adja-
cent to a surface of the semiconductor substrate; forming a
thin film on an inner wall surface of the recessed portion;
arranging a masking material on the thin film so that the
masking material bridges over the recessed portion while
remaining an inside of the recessed portion as a cavity, after
the forming of the thin film; forming a hole in the masking
material at a position corresponding to the recessed portion;
and performing a processing of removing the thin film at the
position corresponding to the hole through the hole by an
anisotropic dry etching using the masking material.

As described above, the masking material is formed to
bridge over the recessed portion, and the hole is formed in the
masking material at the position corresponding to the
recessed portion. Further, the thin film is etched through this
hole. In such a producing method, even if there is a large level
difference from the surface of the semiconductor substrate to
the bottom of the recessed portion, only the masking material,
which is bridged over the recessed portion, is exposed by the
photolithography, and it is not necessary to perform a photo-
lithography through a large level difference. Therefore, the
hole can be successfully formed in the masking material. In
addition, even in the etching through the large level differ-
ence, the contact hole can be successfully formed by the
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anisotropic dry etching through the hole. As such, the large
level difference photolithography and etching process, which
is difficult to realize, can be successfully realized.

According to a second aspect of the present disclosure, a
semiconductor device producing method includes: preparing
a first semiconductor substrate formed with an element and a
connection portion; bonding a second semiconductor sub-
strate to a surface of the first semiconductor substrate; form-
ing a through hole in the second semiconductor substrate after
being bonded to the first semiconductor substrate by etching
the second substrate at a position corresponding to the con-
nection portion from a surface opposite to the first semicon-
ductor substrate; forming an insulating film on the surface of
the second semiconductor substrate including an inner wall
surface of the through hole and the connection portion
exposed inside of the through hole; arranging a first masking
material on the insulating film so that the first masking mate-
rial bridges over the through hole while remaining an inside
of the through hole as a cavity, after the forming of the
insulating film; forming a hole in the first masking material at
a position corresponding to the through hole; and forming a
contact hole to expose the connection portion for contacting
the connection portion with a conductive layer by removing
the insulating film at a position corresponding to the hole
through the hole by an anisotropic dry etching using the first
masking material.

As described above, the first masking material is formed to
bridge over the through hole, and the hole is formed in the first
masking material at the position corresponding to the through
hole. The contact hole is formed in the insulating film through
the hole. In such a producing method, even if there is a large
level difference from the surface of the second semiconductor
substrate to the bottom of the through hole, only the first
masking material bridged over the through hole is exposed by
the photolithography, and a photolithography with a large
level difference is not necessary. As such, the hole can be
successfully formed in the masking material, and the contact
hole can be successfully formed even by the etching with the
large level difference by the anisotropic dry etching through
the hole. Accordingly, the large level difference photolithog-
raphy and etching process, which is difficult to realize, can be
successfully realized.

As such, the through electrode structure is successfully
formed. In such a semiconductor device producing method,
further, the first semiconductor substrate and the second
semiconductor substrate are bonded to each other before the
through hole is formed. Therefore, it is not necessary to use
the support substrate as a conventional method. Also, it is less
likely that the surface of the substrate will be roughed and the
substrate will be deformed. Accordingly, the through elec-
trode structure can be formed by successfully performing the
large level difference etching without requiring the support
substrate and restricting the occurrence of the rough surface
and the deformation of the substrate.

According to a third aspect of the present disclosure, in the
forming of the hole in the semiconductor device producing
method according to the second aspect, the hole has a diam-
eter smaller than a diameter of the through hole.

In such a hole, a normal line of the second semiconductor
substrate passing through the hole does not pass through a
portion of the insulating film formed on a side wall surface of
the through hole. Therefore, in the anisotropic dry etching,
only a portion of the insulating film disposed on the bottom of
the through hole can be removed without damaging the side
wall of the through hole.

BRIEF DESCRIPTION OF DRAWINGS

The above and other objects, features and advantages of the
present disclosure will become more apparent from the fol-

10

15

20

25

30

35

40

45

50

55

60

65

4

lowing detailed description made with reference to the
accompanying drawings, in which:

FIG. 1 is an enlarged cross-sectional view of a through
electrode structure of a semiconductor device that is produced
by a semiconductor device producing method according to a
first embodiment of the present disclosure;

(a) to (d) of FIG. 2 are cross-sectional views illustrating a
producing process of the through electrode structure of the
semiconductor device shown in FIG. 1;

(a) to (d) of FIG. 3 are cross-sectional views illustrating a
producing process subsequent to the producing process
shown in (a) to (d) of FIG. 2;

(a) to (d) of FIG. 4 are cross-sectional views illustrating a
producing process subsequent to the producing process
shown in (a) to (d) of FIG. 3;

FIG. 5 is an enlarged view of a part in the vicinity of a
contact hole 5a;

FIG. 6 is a cross-sectional view illustrating relationships of
dimensions of respective parts of a through hole 3a and
dimensions of respective parts of a masking material 10; and

(a) to (d) of FIG. 7 are cross-sectional views illustrating a
producing process of an etching processing part of a semi-
conductor device that is produced by a semiconductor device
producing method according to another embodiment.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present disclosure will be
described with reference to the drawings. The embodiments
are described hereinafter by designating the same or equiva-
lent parts with the same reference numbers.

First Embodiment

A first embodiment of the present disclosure will be
described. Hereinafter, of a semiconductor device made by
bonding two semiconductor substrates, only a part associated
with a through electrode structure will be described. How-
ever, the semiconductor device is actually provided with other
elements. The present disclosure can be applied to various
semiconductor devices provided with such a through elec-
trode structure. For example, the present disclosure can be
applied to a semiconductor device in which a semiconductor
substrate forming a wiring pattern is bonded to a semicon-
ductor substrate formed with an integrated circuit. Also, the
present disclosure can be applied to a semiconductor device
in which a semiconductor substrate forming a cap is bonded
to a front surface of a semiconductor substrate formed with a
sensor witha MEMS structure such as an acceleration sensor.

Referring to FIG. 1, a through electrode structure of a
semiconductor device produced by a semiconductor produc-
ing method according to the present embodiment will be
firstly described.

As shown in FIG. 1, a first semiconductor substrate 1 is
formed with an integrated circuit and a sensor having a
MEMS structure, and a second semiconductor substrate 3 is
bonded to a front surface of the first semiconductor substrate
1 through an insulating film 2 made of an oxidation film or the
like. For example, the first semiconductor substrate 1 and the
second semiconductor substrate 3 are made of silicon sub-
strate.

A connection portion 4 is formed on the front surface of the
first semiconductor substrate 1, and the connection portion 4
is exposed from a contact hole 2a of the insulating film 2,
which is formed at a position corresponding to the connection
portion 4. The connection portion 4 is a portion to be electri-
cally connected to a desired position of the first semiconduc-
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tor substrate 1. For example, in a case where the first semi-
conductor substrate 1 is provided with an integrated circuit or
the like, the connection portion 4 is provided as a pad that
connects to a wiring pattern extending from the integrated
circuit on the front surface of the first semiconductor substrate
1. For example, in a case where the first semiconductor sub-
strate 1 is provided with a sensor having a MEMS structure,
the connection portion 4 is provided as a diffusion layer that
makes electrical connection with each part of the MEMS
structure. In a case where the sensor is an acceleration sensor
having a movable electrode and a fixed electrode, the connec-
tion portion 4 is electrically connected to the fixed electrode
or the movable electrode. The diffusion layer or the like is
generally electrically connected when being extended to each
part of the MEMS structure. Alternatively, there is a case
where the first semiconductor substrate 1 doped with impu-
rities is used as a wiring. In such a case, the connection
portion 4 made of the diffusion layer is connected to each part
of the MEMS structure through the first semiconductor sub-
strate 1.

The second semiconductor substrate 3 is formed with a
through hole 3a at a position corresponding to the connection
portion 4. The through hole 3a penetrates through the second
semiconductor substrate 3 from a front surface to a rear sur-
face. The contact hole 2a formed in the insulating film 2
described above is formed at a position corresponding to the
through hole 3a.

A front surface of the second semiconductor substrate 3,
including an inner wall surface of the through hole 3a, and an
exposed surface of the connection portion 4 are covered with
an insulating film 5. The insulating film 5 is also formed with
a contact hole 5a at a position corresponding to the connec-
tion portion 4. Therefore, the connection portion 4 is exposed
also from the insulating film 5 through the contact hole 5a
within the through hole 3a.

A conductive layer 6, which is made of a metal, is patterned
on the surface of the insulating film 5 including the inside of
the through hole 3a and the inside of the contact hole Sa.
Since the conductive layer 6 contacts the connection portion
4 though the contact hole 54, the electric connection from the
front surface of the second semiconductor substrate 3 to the
connection portion 4 is implemented through the conductive
layer 6. Therefore, the potential of the connection portion 4
provided in the first semiconductor substrate 1 can be taken
out from the front surface of the second semiconductor sub-
strate 3 opposite to the first semiconductor substrate 1
through the through hole 3a and the contact holes 2a and 5a.

In addition, a passivation film 7 is formed to cover a surface
of the conductive layer 6, if necessary. Thus, the conductive
layer 6 and elements formed in the first semiconductor sub-
strate 1 can be protected. In such a case, the passivation film
7 is removed at a desired position to expose the conductive
layer 6, and the potential of the connection portion 4 can be
taken out from the exposed portion as a pad.

Next, a producing method of the semiconductor device
configured as described above will be described with refer-
enceto (a) of FIG. 2 through (d) of FIG. 4. It is to be noted that
the semiconductor device is actually provided with other
elements and the like, though only the part of the through
electrode structure is illustrated.

[Step Shown in (a) of FIG. 2]

Firstly, a first semiconductor substrate 1 in which an inte-
grated circuit, elements such as sensors with the MEMS
structure, and the connection portion 4 are formed by a con-
ventional method is prepared. Also, a second semiconductor
substrate 3 is prepared. The insulating film 2 is formed on a
rear surface of the second semiconductor substrate 3, that is,

20

25

30

35

40

45

60

6

on a surface of the second semiconductor substrate 3 that is to
bebonded to the first semiconductor substrate 1. For example,
the insulating layer 2 is formed on the rear surface of the
second semiconductor substrate 3 by forming an oxide film
by thermal oxidation or the like. Then, the second semicon-
ductor substrate 3 is placed on the front surface of the first
semiconductor substrate 1, that is, on the surface of the first
semiconductor substrate 1 on which the connection portion 4
has been formed. The first semiconductor substrate 1 and the
second semiconductor substrate 3 are bonded to each other
through the insulating film 2, such as by direct bonding.
Further, the second semiconductor substrate 3 is grinded and
polished from the front surface, if necessary, to adjust the
thickness suitable for formation of the through electrode
structure. For example, it is preferable to set the thickness of
the second semiconductor substrate 3 in a range from several
tens pm to approximately 200 pm (for example, 100 pm).

[Step Shown in (b) of FIG. 2]

An etching mask (not shown) is arranged on the front
surface of the second semiconductor substrate 3. The etching
mask is formed with an opening at a position corresponding to
a region where the through hole 3a is to be formed. Then,
etching is carried out for the second semiconductor substrate
3 using the etching mask, so that the through hole 3a, which
penetrates through the second semiconductor substrate 3
from the front surface to the rear surface, is formed in the
second semiconductor substrate 3 and the contact hole 2a is
formed in the insulating film 2. The through hole 3¢ may be
formed such that a side wall surface of the through hole 3a is
perpendicular to the front surface of the second semiconduc-
tor substrate 3. However, the through hole 3« is preferably
formed into a forward taper shape in which an area of opening
gradually reduces from the front surface toward the rear sur-
face of the second semiconductor substrate 3. In the case
where the through hole 3a is formed into such a forward taper
shape, the insulating film 5 and the conductive layer 6 are
favorably attached to the side wall surface of the through hole
3a when the insulating film 5 and the conductive layer 6 are
formed in the through hole 3a in later steps.

Although the method of forming the through hole 34 into
the forward taper shape has been conventionally known and
thus a detail description thereof will be omitted, the through
hole 3a having the forward taper shape can be easily formed
only by setting an etching condition. For example, it is pref-
erable that a diameter of the through hole 3a on the front
surface of the second semiconductor substrate 3 is set to a
range from approximately 50 pm to approximately 150 um,
and a taper angle, which is an angle defined between the rear
surface of the second semiconductor substrate 3 and the inner
wall surface of the through hole 34, is in a range from 70 to
80°.

[Step Shown in (c) of FIG. 2]

The insulating film 5 is formed on the front surface of the
second semiconductor substrate 3, including the inner wall
surface of the through hole 3a and the surface of the connec-
tion portion 4 exposed from the through hole 3a, by a CVD
technique, a thermal oxidation, and the like. Even in the case
ofemploying the CVD technique, when the inner wall surface
of the through hole 3a has the forward taper shape as
described above, the insulating film 5 can be formed on and
properly attached also to the inner wall surface of the through
hole 3a.

[Step Shown in (d) of FIG. 2]

A masking material 10 (a first masking material) is formed
by carrying out a film-formation of a tenting method to the
front surface of the second semiconductor substrate 3, by a
spin coating of a photoresist, a dry film attachment, or the like.
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In this case, the masking material 10 is bridged over the
through hole 3a while remaining the inside of the through
hole 3a as a cavity and is configured to cover the insulating
film 5 and the second semiconductor substrate 3 as base
materials. Further, through a photolithography step, a hole
10a having a diameter smaller than a diameter of the through
hole 3a is formed in the masking material 10 at a position
corresponding to the through hole 3a. The diameter of the
hole 10a is, for example, approximately 20 to 50 pm.
Although the thickness of the masking material 10 is arbi-
trary, the thickness of the masking material 10 is adjusted so
that a thermal expansion of gas in the cavity of the through
hole 3a can be suppressed during baking before exposure in
the photolithography step.

As a resist material for forming the masking material 10,
for example, PMER P-CT700XP (brand name) made by
TOKYO OHKA KOGYO., LTD. can be used. Further, if
necessary, an additive is mixed to the resist material to
increase a surface tension of the resist material. When a
low-speed spin coating or the like is performed in a state
where the surface tension of the resist material is increased by
the additive, the masking material 10 can be formed into a
tenting shape without falling down into the through hole 3a.

[Step Shown in (a) of FIG. 3]

A part of the insulating film 5 is removed by an anisotropic
dry etching using the masking material 10 to form the contact
hole 54 in the insulating film 5 at a position to which the hole
10q is projected in a direction of normal to the substrate. In
such an etching, a normal line of the second semiconductor
substrate 2 passing through the hole 10a does not pass
through the portion of the insulating film 5 formed on the side
wall surface of the through hole 3a. Therefore, only the por-
tion of the insulating film 5 located on the bottom of the
through hole 3a can be removed without damaging the side
wall of the through hole 3a. When the contact hole 5a is
formed in this manner, a side wall surface of the contact hole
5a has arounded shape, as shown in an enlarged cross-section
of FIG. 5. Therefore, it is possible to improve a filling prop-
erty (coverage property) of the conductive layer 6, which is
formed in a later step, in the contact hole 5a.

[Steps Shown in (b) and (¢) of FIG. 3]

As shown in (b) of FIG. 3, the masking material 10 is
removed. Thereafter, as shownin (¢) of FIG. 3, the conductive
layer 6 made of a metal is formed on an entire surface of the
insulating film 5 including the inside of the contact hole 5a.
For example, the conductive layer 6 is formed by a sputtering
or a CVD technique.

[Step Shown in (d) of FIG. 3]

Similarly to the masking material 10, a masking material
11 (second masking material) is formed by a tenting method.
Also in this case, the masking material 10 is formed to bridge
over the through hole 3a while remaining the inside of the
through hole 3¢ as a cavity and to cover the conductive layer
6 and the second semiconductor substrate 3 as base materials,
including the inside of the through hole 3a. Through a pho-
tolithography step, the portion of the masking material 11
corresponding to an unnecessary portion of the conductive
layer 6 is removed to form an opening.

[Step Shown in (a) of FIG. 4]

The conductive layer 6 is patterned by partly removing the
conductive layer 6 through the etching using the masking
material 11. In such an etching, since the masking material 11
covers the through hole 3a, the conductive layer 6 can be
removed without damaging the side wall of the through hole
3a.
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[Steps Shown in (b) and (¢) of FIG. 4]

As shown in (b) of FIG. 4, the masking material 11 is
removed. Thereafter, as shown in (¢) of FIG. 4, a passivation
film 7, such as a nitride film, is formed to cover an entire
surface of the conductive layer 6 including the inside of the
through hole 3a. For example, the passivation film 7 is formed
by a spin coating technique.

[Step Shown in (d) of FIG. 4]

Similarly to the masking materials 10 and 11, a masking
material 12 (third masking material) is formed again by a
tenting method. Also in this case, the masking material 12 is
formed to bridge over the through hole 13a while remaining
the inside of the through hole 3« as a cavity and to cover the
conductive layer 6 as the base material including the inside of
the through hole 3a. Through a photolithography step, a por-
tion of the masking material 12 corresponding to an unnec-
essary portion of the passivation layer 7 is removed to form an
opening. Thereafter, the unnecessary portion of the passiva-
tion film 7 is removed by an etching using the masking mate-
rial 12, and then the masking material 12 is removed. As such,
the semiconductor device having the through electrode struc-
ture shown in FIG. 1 is finished.

In the present embodiment, as described above, the mask-
ing material 10 is formed to bridge over the through hole 3a,
and the hole 10q is formed in the masking material 10 at the
position corresponding to the through hole 3a. The contact
hole 5ais formed in the insulating film 5 through the hole 10a.
In such a producing method, even if there is a large level
difference between the front surface of the second semicon-
ductor substrate 3 and the bottom of the through hole 3a, only
the masking material 10 bridged over the through hole 3a is
exposed in the photolithography step. Further, a photolithog-
raphy step with a large level difference is not necessary.
Therefore, the hole 10a is successfully formed in the masking
material 10. In addition, even in the etching with the large
level difference, the contact hole 5a is successfully formed by
the anisotropic dry etching through the hole 10a. Therefore, a
large level difference photolithography and etching process
(photolithography step and large level difference etching
step), which is difficult to realize, can be successfully real-
ized.

Also in the patterning of the conductive layer 6 and the
passivation film 7, the masking materials 11 and 12 are simi-
larly bridged over the through hole 3a. Therefore, even if
there is a large level difference from the surface of the con-
ductive layer 6 and the passivation film 7 to the bottom of the
through hole 3a, only the masking materials 11 and 12
bridged over the through hole 3a are exposed by the photoli-
thography step, and there is no large level difference. There-
fore, similarly to the above, the large level difference photo-
lithography and etching process, which is difficult to realize,
can be successfully realized.

Therefore, the through electrode structure can be success-
fully formed. In such a producing method of the semiconduc-
tor device, the first semiconductor substrate 1 and the second
semiconductor substrate 3 are bonded to each other before the
through hole 3a is formed. Therefore, itis not necessary to use
the support substrate, as a conventional method. Also, occur-
rence of the rough surface of the substrate or deformation of
the substrate before the bonding of the substrates can be
reduced. Accordingly, the occurrences of the rough surface of
the substrate and the deformation of the substrate before the
bonding of the substrates can be reduced without requiring
the support substrate, and the through electrode structure can
be formed by successfully performing the large level differ-
ence etching.
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The diameter of the through hole 3a, the taper angle
defined between the rear surface of the second semiconductor
substrate 3 and the inner wall surface of the through hole 3aq,
the diameter of the hole 104 of the masking material 10, and
the thickness of the second semiconductor substrate 3 to
which the through hole 3a is formed, that is, the depth of the
through hole 3q are set to the values as described above. The
reasons thereof will be described with reference to FIG. 6.

Asdescribed above, because the diameter of the hole 10ais
smaller than the diameter of the through hole 3a, the normal
line of the second semiconductor substrate 3 passing through
the hole 10a does not pass through the portion of the insulat-
ing film 5 formed on the side wall surface of the through hole
3a. Therefore, the side wall of the through hole 3a is not
damaged during the etching. However, as described with
reference to FIG. 5, when the contact hole 54 is formed by
removing the portion of the insulating film 5, the side wall
surface of the contact hole 5a actually has the rounded shape.
The side wall surface of the contact hole 5a has the rounded
shape because the cavity remains in the through hole 3a by
arranging the masking material 10 in the tenting shape and the
etching for forming the contact hole 5a is performed while
expanding in a radial direction, as shown in FIG. 6.

Since the etching is performed while expanding in the
radial direction, the filling property of the conductive layer 6
in the contact hole 5a can be improved. On the contrary, since
the etching is performed while expanding in the radial direc-
tion, if the diameter of the through hole 3a is excessively
small or depending on the taper angle of the through hole 3a,
the insulating film 5 formed on the side surface of the through
hole 3a is also etched. Therefore, the diameter of the through
hole 34, the diameter of the hole 10« of the masking material
10 and the taper angle of the through hole 3a need to be set so
as to avoid etching the insulating film 5 formed on the side
wall surface of the through hole 3a. The diameter of the
through hole 3a and the diameter of the hole 10a can be
obtained in the following manner.

First, the diameter of the through hole 34 on an opening
side (diameter on the front surface opposite to the first semi-
conductor substrate 1) is referred to as L.1. The diameter of the
through hole 3a on the surface adjacent to the first semicon-
ductor substrate 1 is referred to as 2. The diameter of the
hole 10aq is referred to as L.3. The taper angle of the through
hole 3a is referred to as a, and an expanding angle of the
etching is referred to as 3. The depth of the through hole 3a,
that is, the thickness of the second semiconductor substrate 3
in the case of the present embodiment, is referred to as D1. A
distance from the surface of the insulating film 5 on the
outside of the through hole 3a to the surface of the second
semiconductor substrate 3 adjacent to the first semiconductor
substrate 1 is referred to as D2.

In this case, the depth D1 of the through hole 3a can be
expressed by an equation 1. Also, the diameter L2 of the
through hole 3a adjacent to the first semiconductor substrate
1 in the equation 1 can be expressed by an equation 2.

DI=(L1-L2)?2 tan & (Ex. 1)

L2=L1-2D1/tan (Ex. 2)

The etching diameter of the insulating film 5 at the end of
the through hole 3a adjacent to the first semiconductor sub-
strate 1 needs to be smaller than the diameter L2 of the
through hole 3a adjacent to the first semiconductor substrate
1. Therefore, an equation 3 is given. Further, since the dis-
tance D2 is substantially equal to the thickness D1 of the
second semiconductor substrate 3 (D1=D2), the D2 can be
replaced with the D1.

L2=L3+2D2 tan P(=L3+2D1 tan B) (Ex. 3)
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The expanding angle [ of the etching is a constant deter-
mined according to the etching condition and the like. There-
fore, when the depth D1 of the through hole 3a¢ and the
diameters L1 to L3 are set while considering the expanding
angle § determined according to the etching condition and
satisfying the above described equations 1 to 3, it is possible
to restrict the insulating film 5 formed on the side wall surface
of the through hole 3a from being etched.

When the diameter 1.1 on the opening side of the through
hole 3a and the diameter 1.2 of the through hole 3a adjacent to
the first semiconductor substrate 1 are large, the effects
described above can be achieved. However, if the diameter L1
of'the though hole 3a on the opening side is excessively large,
there is a problem arise, such as a part of the masking material
10 entering the through hole 3a when being bridged over the
through hole 3a. Likewise, when the diameter L1 of the
through hole 3a on the opening side is excessively large, it is
difficult to suppress the thermal expansion of gas in the cavity
defined in the through hole 3a during the baking before the
exposure. The upper limit of the diameter L1 of the through
hole 3a onthe opening side is preferably set considering these
issues.

Each value is preferably set in the above described manner.
For example, when the thickness of the second semiconduc-
tor substrate 3, that is, the depth D1 of the through hole 3a is
several tens to 200 um, as described above, it is preferable that
the diameter L1 of the through hole 3a on the opening side is
50 to 150 um, and the taper angle o is 70 to 80°, and the
diameter .3 of the hole 10a is 20 to 50 pm.

Other Embodiments

In the embodiment described above, the structure in which
the conductive layer 6 is extended on the front surface of the
second semiconductor substrate 3, for example, the mode in
which the conductive layer 6 forms the wiring pattern is
indicated, as shown in FIG. 1. However, it may be configured
that the conductive layer 6 is remained only on the periphery
of the through hole 3a to form a pad.

In the embodiment described above, as an example of the
semiconductor device, the semiconductor device provided
with the integrated circuit and the MEMS structure is men-
tioned. However, the above semiconductor device is just an
example, and the semiconductor device may be provided with
any other elements. The semiconductor device may have any
structure as long as the semiconductor device is provided by
bonding the first semiconductor substrate 1 and the second
semiconductor substrate 3 to each other, and the potential of
the connection portion 4 of the first semiconductor substrate
3 is led out through the through hole 3a that penetrates
through the second semiconductor substrate 3 from the front
surface toward the first semiconductor substrate 1.

In the embodiment described above, as an example of
requiring the large level difference photolithography and
etching process, the through electrode structure in the multi-
layer structure semiconductor substrate provided by the first
and second semiconductor substrate 1 and 3 bonded to each
other is mentioned. That is, in the structure where the two
semiconductor substrates 1 and 3 are bonded to each other
through the insulating film 2 to form an integrated semicon-
ductor substrate, and a recessed portion provided by the
through hole 3a is formed on one side of the integrated semi-
conductor substrate (adjacent to the second semiconductor
substrate 3), the insulating film 5 as a thin film is exemplarily
provided in the recessed portion. However, the large level
difference photolithography and etching process may be also
required in other cases.
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Namely, in a case where a semiconductor substrate having
arecessed portion adjacent to a surface is prepared, and a step
of etching is performed to a predetermined portion of a bot-
tom part of a thin film disposed in the recessed portion, the
large level difference photolithography and etching process is
required. Also in this case, the similar effects to the first
embodiment can be achieved by performing the following
steps subsequently. First, as shown in (a) of FIG. 7, a semi-
conductor substrate 20 is prepared. Then, as shown in (b) of
FIG. 7, a step of forming a recessed portion 20a on a surface
of the semiconductor substrate 20 is performed. Next, as
shown in (¢) of FIG. 7, a step of forming a thin film 21 on an
inner wall surface of the recessed portion 20q is performed.
Thereafter, as shown in (d) of FIG. 7, a step of arranging a
masking material 22 on the thin film 21 to bridge over the
recessed portion 20a is performed. Further, a step of forming
a hole 22qa in the masking material 22 at a position corre-
sponding to the recessed portion 20a is performed by a pho-
tolithography. Thereafter, a step of removing the thin film 21
at a position corresponding to the hole 22a is performed
through the hole 224 by an anisotropic dry etching through
the hole 22a. In this way, the thin film 21 can be etched on the
bottom wall of the recessed portion 20a. The large level
difference photolithography and etching process, which is
difficult to realize, can be successtully realized.

While only the selected exemplary embodiment and
examples have been chosen to illustrate the present disclo-
sure, it will be apparent to those skilled in the art from this
disclosure that various changes and modifications can be
made therein without departing from the scope of the disclo-
sure as defined in the appended claims. Furthermore, the
foregoing description of the exemplary embodiment and
examples according to the present disclosure is provided for
illustration only, and not for the purpose of limiting the dis-
closure as defined by the appended claims and their equiva-
lents.

The invention claimed is:

1. A producing method for a semiconductor device, the
semiconductor device having:

afirst semiconductor substrate having a connection portion

adjacent to a surface of the first semiconductor substrate
to be connected to an element; and

a second semiconductor substrate bonded to the surface of

the first semiconductor substrate, wherein

the second semiconductor substrate includes a through

electrode structure having a through hole formed in the
second semiconductor substrate from a front surface
opposite to the first semiconductor substrate and a con-
ductive layer disposed in the through hole and connected
to the connection portion,

the producing method comprising:

preparing the first semiconductor substrate formed with the

element and the connection portion;

bonding the second semiconductor substrate to the surface

of the first semiconductor substrate;

after the bonding of the second semiconductor substrate to

the surface of the first semiconductor substrate, forming
the through hole by etching the second semiconductor
substrate from the front surface opposite to the first
semiconductor substrate at a position corresponding to
the connection portion of the second semiconductor sub-
strate;
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forming an insulating film on the front surface of the sec-
ond semiconductor substrate, including an inner wall
surface of the through hole and the connection portion
exposed from the through hole;

after the forming of the insulating film, arranging a first
masking material on the insulating film so that the first
masking material bridges over the through hole while
remaining an inside of the through hole as a cavity;

forming a hole in the first masking material at a position
corresponding to the through hole by photolithography;

forming a contact hole in the insulating film to expose the
connection portion for contacting the connection por-
tion with the conductive layer, by removing the insulat-
ing film at a position corresponding to the hole through
the hole by an anisotropic dry etching using the first
masking material;

after the forming of the contact hole, contacting the con-
ductive layer with the connection portion through the
contact hole by forming the conductive layer on a sur-
face of the insulating film including an inside of the
contact hole;

after the forming of the conductive layer, arranging a sec-
ond masking material on the conductive layer so that the
second masking material bridges over the through hole
while remaining the inside of the through hole as a
cavity;

forming an opening in the second masking material at a
position corresponding to an unnecessary portion of the
conductive layer by photolithography; and

patterning the conductive layer by removing the unneces-
sary portion of the conductive layer by etching using the
second masking material.

2. The producing method according to claim 1, wherein
in the forming of the hole, the hole is formed to have a
diameter smaller than a diameter of the through hole.

3. The producing method according to claim 1, wherein

in the forming of the through hole, the through hole is
formed into a forward tapered shape such that an area of
opening of the through hole gradually reduces as a func-
tion of distance from the front surface of the second
semiconductor substrate opposite to the first semicon-
ductor substrate.

4. The producing method according to claim 1, further

comprising:

after the patterning of the conductive layer, forming a pas-
sivation film on the conductive layer;

after the forming of the passivation film, arranging a third
masking material on the passivation film so that the third
masking material bridges over the through hole while
remaining the inside of the through hole as a cavity;

forming an opening in the third masking material at a
position corresponding to an unnecessary portion of the
passivation film; and

patterning the passivation film by removing the unneces-
sary portion of the passivation film by etching using the
third masking material.

5. The producing method according to claim 1, wherein

in the forming of the contact hole in the insulation film, the
contact hole being formed with a rounded shape.

#* #* #* #* #*
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